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KTI/iJ: 


/>  preiijsijiary  desl.^i-  for  a 'iix  foot  ■llairietcr  t.vln“ rotor  helicopter  Kod^l 
tf!.«  taxiPesi  coafigura-tioo  iiii  p..i-^3srt,ed,  fht  purpc-ce  of  ii\e  tnoael  to 
determins  experimentelly  the  lor.gitadlr.aI.  hovsrirxg  stabi  ■A'  ^ ^ coritrol 
cb/jracteristics  of  this  helicopter  tyj>e  and  to  investigate  means  for  iaiprovlrig 


its  hajidling  qualities.  The  direct  model  simulation  of  a full  scale  helicopter 
is  attempted,  the  Plaseckl  HUP  being  the  protot/pe  in  this  case. 

The  theoretical  stability  and  control  characteristics  of  the  model  are 
presented,  and  a test  procedure  based  on  these  results  is  outlined.  The 
theoretical  parameters  for  an  autopilot  vhich  will  produce  excellent  hovering 
hgmdling  qualities  are  also  included. 


I.ntroductloa 


As  a ciontinaetion  of  the  helicopter  isosS^l  researcb,  c&frled  on  at  Princeton 


tSefe?rsnceo 


1 

Si,  4 


3.f  2;  4,  riXid  5)  £ cr.'lR'rotc-r  Aellcop-cer  leaeai'ch  pr'ogrars  h 
Tne  ohjectivaa  of  tb,is  prcgi‘e^c  are  briefly  ae  follcvs; 

'.llie  tJiJBoretlcal  a«al.y9i£-  of  tandera  rotor  bellcopter  long 


BS 


beer: 


itudiuai 


stability  and  control  near  hovering  flight. 

2.  The  investigation  of  means  for  ia^provlng  the  handling  qualities 
of  this  type  of  helicopter. 

3.  The  design  and  test  of  a model  helicopter  ■which  can  be  used  to 
check  the  validity  of  the  analysis.  An  effort  vlli  be  made  to  simulate 
the  Piasecki  HUP  helicopter ^ and  the  model  and  supporting  members  vill  be 
d«Elgned  so  that  both  teaidem  and  side  by  side  rotor  configurations  with 
various  degrees  of  overlap  can  be  obtained.  15ie  model  will  utilize  the 
test  facility  described  in  Beference  i. 


This  report  covers  the  first  phase  of  the  program;  l.e.,  the  design  of 


thii  iriod‘s.1  and  the  preiimiaary  theoretical  analysis  of  the  model  dynamics. 


In 


subsequent  phases  the  icodei  will  be  built  and  fiown. 


3 - List  of 


A 


« 'h^.sic  scale  faot.oi*-,  given  linear  dinittn.0lc.i;  of  full  ss<file  belicc'ptsr/ 
cora''ospo'n.i.U'fig  l:U:.ien5ion  of  modal . 

w diatajica  la  tween  .rotors,  ft. 


« rate  of  cfeange  of  rotor  thrust  with  rotor  vertical  velocit/o,  Iba.-'Sec./ 
ft.. 


^Ik,  “ ^itch  dens>lng  moment  due  to  rate  of  change  of  rotor  thrust  with  rotor 
i.  vertical  velocity,  ft.  Ihs.-sec./rad.  This  term  may  be  varied 

artificially  with  a pitching  rate  differential  collective  pitch  input 
from  an  a?rtopllot. 

» rate  of  change  of  rotor  horizontal  force  with  translational  velocity, 
lbs. -sec. /ft, 

" rate  of  change  of  rotor  horizontal  force  with  fuselage  pitching  velocity, 
lbs. -sec. /ft. 

w ratio  of  fuselage  tilt  to  awash  plate  tilt,  each  relative  to  horizon. 

This  corresponds  to  an  attitude  cyclic  pitch,  input  from  an  autopilot. 


Discussion  of  Siaivulatioii  Taeor^ 


• 

%s  tbeoretical  probl-=s  of  dj.rect  model  sissulatiou  of  & fy-Ll  soRle 
heliccpter  is  discussed  in  Seferences  3 and  4«  Therefore  the-  subject-  vil.].  be 
discussed  here  only  in  a cursory  manner  sufficient  to  e3q)leiD.  the  tandem 
model  design  presented. 

For  the  sake  of  sla^licity  it  vlll  he  assrsned  that  Reynolds  Sumber 
and  Mach  Number  effects  are  negligible^  for  the  range  considered^  and  that 

2 

the  traveling  mass  of  the  model  is  approximately  equal  to  the  lifted  mass.  In 
general^  however,  these  assun^tions  must  be  carefully  examined  and  qualified. 

When  designiug  a model  to  simulate  a full  scale  helicopter,  the  gecmtetrlc 
parameters  vilj.  be  the  same  for  the  model  if  the  full  scale  linear  dimensions 
are  reduced  by  a factor  A,  where  A Is  defined  as  fcllcwB: 

X * &jyen  linear  dimension  of  full  scale  helicopter 
Corresponding  dimension  of  stodel 

Dynamic  slmixlation  may  be  achieved  if  the  model  mass  characteristics  are 
obtaixjed  by  using  A to  the  appropriate  power  and  assuming  that  the  density  of 
the  model  construction  material  is  the  same  as  that  for  the  full  scale 
helicopter.  The  expresBions  for  the  modal  velocities  end  time  scale  may  then 
be  derived  from  the  above  factors  by  keeping  1ji  mind  the  fact  that  air  density 
and  gravitations!  acceleration  are  the  same  for  the  model  and  the  full  scale 
machiiie.  The  scale  factors  listed  in  Table  I are  based  on  this  approach  and 
were  used  in  the  HUP  helicopter  Biodel  design. 


Tl  primary  effect  of  the  small  model  Reynolds  ihmiber  is  sn  Increase  in 
the  blade  profile  drag  (Reference  k).  This  may  be  partially  coa^jensated 
for  by  using  a thinner  airfoil  section  on  the  model. 


For  the  carriage  sni  track  facility  considered  in  this  case,  the  effective 
lifted  i2S23  'jysy  be  artificially  increased  to  compensate  for  the  incremental 
travsliAfi  mass  of  the  by  attaching  a lig^t  fly  wheel  and  pulley 

'■■■o  the  aB?.«mbly  flitch  15.iv,«d  by  the  rotor.  Tha  required  tJmust 
liiay  then  'b&  vi'^-cisir-.od  ''1th  & aovn,  spring  of  approxlsiately 
co'ao  t f,  f -cr ca  = 


5-  Desci'‘i']:t.ior-  of  Mcujr.i 

Ah  vork  oa  thic  project  progisnsed  it  ‘beoesse  Jjppa^’ent  that  dirc'ct 
ai.2;u2atXofs  coiLlfl  v-ot  etiffdj'f  be  obtalBed  vithout  <*X-iaii.natJj,ig  the  vg^riabla  overlap 
and  slde~hy-2ide  features  of  the  a-odsl.  It  vb.s  reaii^edj  howvarr  that  direct 
aisajilatioc  of  the  HUP  helicopter  would  in  itself  be  a very  isa^'ortemt 

contribution.  Therefore  increased  emphasis  was  placed  on  the  simulation  of 
the  HUP  helicopter  at  the  ejqpenss  of  the  other  featxrres  of  the  model. 

The  model  is  designed  to  utilize  the  test  facility  described  in  Reference 
Ic  This  facility  is  coc^osed  of  a horizontal  track,  a carriage  and  pylon, 
and  a yoke;  so  arranged  that  the  helicopter  fuselage  has  complete  freedom  of 
motion  in  a vertical  plane. 

Preliminary  dx'avings  of  the  model  are  presented  in  Figures  1,  2,  3,  and 
Table  II  contains  the  parameters  of  the  model  and  prototype.  The  model 
parameters  were  obtained  by  the  method  discussed  in  Section  4^.  A weight  and 
balance  estimate  for  the  model  may  be  fovmd  in  Table  III. 

Power  System  (Figures  1 and  3) 

The  model  is  powered  by  an  induction  type  400  cycle  200  volt  motor 
located  at  the  approximate  center  of  the  fuselage.  'Hie  motor  is  installed  in 
the  horizontal  position  so  tbst  the  raotor  rotor  oospprises  part  of  the  shaft 
connecting  the  fore  and  aft  rotor  transmissions.  The  transfuissione  produce  a 
tc  9 speed  change  and  a 90°  change  in  direction  thru  a bevel  mesh  and  a 
spur  mesh. 

High  power  output  at  minimum  material  weight  is  obtained  by  utilizing 
the  fuselage  beams  as  mounting  structure  for  the  motor  and  by  finning  and 
baffling  the  motor  windings  to  utilize  the  rotor  downwash  for  cooling  ptarposss. 
Calculations  indicate  that  this  installation  will  produce  up  to  I.5  hp  without 
crex'heatins  ^ 


CCmimrfHaL 


vili  be  !i=\ipp.i.l8d  to  tbe  ffiotox" 
be  x*eguJ.ated  wttb  a SLOtor-gerieretor  power 
Ccatt^ol  Systeiu  (Figures  I if>.rid  ^ 


xtxra  a "third  rail  eysveni'* 
source » 


HiiG.  ^S-111 


The  control  syatea  for  this  juodei  presented  a particififc'X  probieia.  cince 
it  was  necessary  to  c^talo  close  coordiriat.lon  bet^feen  the  fore  and  aft  rotors 
for  very  small  cyclic  pitch  variations. 

Cyclic  pitch  on  each  rotor  Is  obtained  by  tiltir.g  the  control  star  (A), 
>dxlch  is  mounted  on  a ball  and  socket  bearing  at  the  center  of  the  hub  plate 
(B).  The  control  star  is  attached  to  the  blade  pitch  horns  (C)  as  shown  and 
rotates  with  the  blades  because  of  the  drive  (D)  and  the  bearing  at  (E). 
Coordination  of  cyclic  pitch  between  the  fore  and  aft  rotor  is  achieved  by 
the  cyclic  pitch  rods  (F)  and  the  links  (O). 


The  proposed  test  procedure  discussed  In  Section  7 required  that  a 
cyclic  pitch  input  step  function  or  sine  wave  be  applied;  and  that  the  input 
be  applied  by  an  electric  signal  indicating  that  the  model  is  in  steady 
hovering  flight.  Either  of  these  Inputs  may  be  obtained  by  using  the  hovering 
signal  to  engage  the  electric  clutch  and  crank  (H)  to  the  gear  train  (j); 

•Aich  meshes  with  the  rotor  drive  system.  Rotation  of  crcuik  (s)  moves  the 
cyclic  pitch  rods  (G)  axially  and  produces  the  control  input.  The  gears  in 
vhi.8  train  may  be  readily  changed  to  obtain  various  (hrive  frequencies;  and 
micro  switches  are  located  so  that  the  drive  rosy  be  stopped  after  half  a 
cycle . 


Both  the  sine  wave  and  an  approximate  step  function  may  thus  be 
obtained  with  the  seme  basic  drive  mechanism;  the  difference  being  that  for 
the  step  function  the  sine  period  is  greatly  reduced, and  the  drive  is  stopped 
after  half  a cycle. 


o. 


C0;©'3;]>BK?Ti./d 


Kotor  Uor.^c:vuc  tlaa  \?igiurg  k) 

kB  riotea  in  'febie  XI  tbe  rfe-g^uired,  ra?r.nlt)g  blade  'SPsi^it  foi“  the  modal  Is 
,CHT''C€  lbG,;/ve>.  I’J&riy  design  atudieri  ijhoved  tbu&i  tbi>j  veigat  c-cuid  not  ba  !i.et 
by  c.DO'yontic.pfta  ivadel  oona vructd.ou  vt&'cUocLi  IX  the  hlacle  chord'vrleo  center  cf 
gjrsvity  was  also  to  be  at  the  guarfcer  chord,  Accordiag5.y>  several  leas 


conventiottel,  but  extremely  lights  designs  uere  laid  out  snd  the  sij^iest 
design  actually  constructed  during  this  phase  of  the  program*  Sc»ae  practical 
insight  vaa  thereby  obtained  into  vhat  appears  to  be  the  most  difficult  model 
simulation  design  problen. 

A detail  drawing  of  the  test  model  blade  is  shown  in  Figure  Ifr,  and  a 
photograph  of  a blade  blank  and  a ca.pleted  blade  (before  lacquering)  may  be 
foimd  in  Figure  5*  cadculsted  detail  design  characteristics  of  the  blade 

(le^s  lacquer  end  i?lue)  are  compared  the  final  meastjred  values  belov: 


Test  Blade  Characteristics 
Calculated 

doped 

Measured 

lacquered 

Chordvise  c.g.,  5^  chord. 

22.2 

24.3 

25.3 

Running  weight,  lbs. /in. 

,Ofl647 

.00625 

.00671 

Shear  center,  ^ chord 

« — 

25.8 

28.9 

p 

Torsioiiai  stiffness,  GIp,  lbs, -In. 

450 

46o 

o 

Bending  stiffness,  SI,  lbs. -in." 

1105 

1280 

1300 

No  ced-c’olattoc.  of  the  toreional . stif fneee  or  bhear  center  was  aone>  but  a 
qualitative  effort  >#as  made  to  keep  the  shear  center  near  the  quarter  chord. 

Since  the  blade  was  of  woodsr  consti^ctiori,  warping  was  considered  a 
primary  problem^  and  considerable  effort  was  made  to  seal  cut  moisture . It  was 


also  necessary  that  the  sealer  not  sink  into  the  wood  excessively  and  increase 
ite  weight,  arid  that  it  be  compatible  'rith  the  glue  used.  Conventional  sixodel 


10. 


a.vP'-'  vfsiC'aei-.  b®ca«3«  of  thalx  kac'«  ciiaracterlstics  in 

r-ais  respect. 


E&cb.  pieca  yf  t,H0  y:i,8.i3.e  carefal3.y  dried  aiid  doped  oefore  construction 
of  1)3*  l:;iga,k.  Tfc.e  ^’ere  oben  assetableA  as  indicated  in  Figure  ^ and 

tborougbiy  clssgjed.  ./dtsrnate  iaj'ere  vere  laid  cross  j^rair  to  reduce 


varpage. 

Previous  experiments  indicated  that  an  adequate  Joint  between  the  lead 
nose  piece  and  the  wood  can  be  achieved  provided  the  lee^  is  absolutely  clean. 

The  blade  was  next  shaped. by  hand  to  a contour  tolerance  of  - .005  inches, 
using  sandpaper  and  metal  templates.  At  this  Juncture  the  blade  was  painted 
with  one  coat  of  dope  and  the  dlmensionnl,  inertial,  and  structvural 
characteristics  measured  (see  above  list). 

The  blade  was  finished  with  four  coats  of  blade  lacquer.  Any 
Irregularities  appearing  after  the  first  two  coats  were  sanded  down,  and  after 
the  l£tst  coat  the  blade  was  dressed  with  crocus  cloth,  rubbing  ccmq;ound,  and 
wax.  0^  inertial  and  structiural  characteristics  were  then  measured  again 
(see  above  list). 

It  can  be  seen  that  this  type  of  construction  produces  & blade  that  is 
light,  properly  balanced,  and  with  desirable  structural  characteristics.  It  is 
recognized,  however,  xhat  blade  homogeniety  and  warpege  may  atill  present 
problems;  although  the  present  teat  blade  has  not  warped  excessively  to  date. 


11, 


Thsci'-eticsl  P.rf.'Jl; 


of  Kesuilis- 


j^^wwium,— « 


T.n,  e.2:  effort  to 
long!  tudinal'.  cUai’sc  t 


di»yelc4>  <3.  5atir-f:»-ctor:;' 

eristics  of  tiie  HUP  n.<.oA&. 


•!:?.tirx^.  :c.-roseo:are  the  thf^oreticsd. 
were  calculated  a*a.r  b,overii->g 


flighty  uping  a aethod  essentially  the  ssae  aa  that  of  Reference  6.  TSie 
quantitative  significance  of  the  various  aerodynjsralc  peraae ters  vaa  Investigated 
to  detemlne  vhich  ones  are  of  major  ia^ortance.  The  effects  of  a sijqple 
autopilot  vere  also  considered  hy  calculating  the  influence  on  the  model 
notion  of  variations  in  the  aerodynamic  parameters  'sAich  can  readily  be 
changed  artificially. 

Because  of  the  preliminary  nature  of  this  investigation  the  fuselage, 
pitch  oscillation  and  daoQ}ing,  and  the  control  response  to  a sudden  control 
dlaplacement  were  calculated  for  a range  sufficiently  large  to  include  the 
probable  values  of  the  parameters. 

It  was  found  that  the  rate  of  change  of  horizontal  rotor  force  with 

translational  velocity,  is  a very  significant  psTsaieter  for  the  tandem 

helicopters  just  as  it  is  for  single-rotor  machines,  'five  rate  of  change  of 

horizontal  rotor  force  with  pitching  velocity,  H.y  , however,  contributes 

negligible  pitch  damping  compared  to  the  pitch  daii;ping,  I!2k  , due  to  the 

L 

fore  and  aft  rotor  rate  of  change  of  tiirast  with  vertical  velocity,  'iSiie 


diff&re  from,  the  case  of  the  single-rotor  helicopter  where  is  the 
significant  danping  tei-m. 


The  effects  of  He  and  on  the  period,  damping,  and  control 

response  are  plotted  in  yigorea  6,  J,  and  3.  It  can  be  seen  in  ?igures  6 and 

7 that  the  period  and  daaplng  are  affected  by  both  end  ® 

A, 

considerable  extent.  While  valuea  of  below  6.25  cause  considorable 

divergence;  l.e,,  positive  demping  exponents,  larger  va-luea  only  caa??e  "toderate 


convergence . As 


Inore&ses  the  effect  of  rapidly  diirdniahttsj « 


iac-  rycge  or  rzj.'csi:  rc.r 


ir>clud«s  the  vaive?  ;>.'^0, 


cn  ttie  asG-waptilon  that  t-ne  roter  induced  ViS.1c>city  ia  dependant  enly  ot-  the.  ttred’'- 
hovering  conditions;  and  the  value  2.87;  uhleh  i.s  "based  on  the  a3sn35pt':,.07i  that 
the  rotor  Ixtduccd  velocity  depends  on.  the  hoverlrxg  conditiom*  and  the 
Instantaneous  vertical,  velocity  of  each  rotor.  Qualitative  flight  ohservaticna 
on  the  full  scale  helicopter  indicate  that  the  coixect  vRiue  approaches  6.3O. 

As  pointed  out  in  Beferencs  1,  the  accurate  prediction  of  the  collective 
pitch,  angle  has  a great  influence  on  The  three  values  of  used  were 
therefore  detenained  in  the  foUovlng  nactner.  The  collective  pitch  angle 
(9.h  degrees)  vaa  determined  using  mmoentum  theory  and  tip  lossj  assuming  a 
constant  Induced  velocity  dlstrihutlon  over  the  disc.  Values  of  ?.0  degrees 
and  11.0  degrees  vere  included  to  provide  sufficient  range  for  Ineuscuracies 
ia  the  collective  pitch  theory.  The  values  of  corresponding  to  these 
collective  pitch  angles  uere  then  used  to  calculate  the  model  dynamic 
characteristics . 

Longitudinal  control  on  the  full  scale  helicopter  Is  cos^osed  of  a 

coKbinatiozi  of  cyclic  pi^*ch  and  differential  collective  pitch.  This  type  of 

system  therefore  he  used  in  work  for  coiiparison  vith  ftill  scale  data. 

It  was  found;  however,  that  differential  collective  pitch  is  an  excessively 

powerful  control.  Displacement  increjmectB  that  are  large  enough  to  "be  accurately 

measured  produce  fuselage  responses  which  are  too  large  for  use  ia  evaluating 

ti  3.1nearised  theory.  Pure  cyclic  pitch  Inputs  vere  therefore  used  to  ohtsia 

the  acali’tical  responses  plotted  in  Fli^ires  8 and  10.  It  can  Ive  seen  in 

Figure  8 that  again  variations  in  and  have  considerable  effect  on 

2 

the  motion.  . 

An  attempt  to  i»sprcve  the  iiandling  quelltiee  of  the  helicopter  with  an 
autopilot  vaa  a6.<ie  by  considerj.ng  the  iufluence  of  avoir Iciei,  vari»tloua  in 


Tlifc  of  ii/cllc  pltctj  prcpcrticr-al  to  velto'.ty. 

velocity,  aad  fuselage  pitch  ei\gu.a  were  inves tigs. ted.,  and  dirxeroiitieo.  C:Dll«oi'i'-?e 
pitch  proportions^-  tc  .fuEeiaj:s  pitching  rolceity  vae  also  ccncldered. 

As  sianticned  previous!:'  the  «a^or  portion  ot  pitch  da3T:ping  if?  :V.;o  to 

, not  , so  cyclic  pitch  proportional  to  pitching  velocity  produces 
little  increase  in  stability.  Since  variations  in  are  equivalent  tc  cyclic 
pitch  proportional  to  translational  velocity,  it  can  be  seen  from  Figure  6 
that  here  again  little  increase  in  stability  is  obtained. 

The  changes  In  the  oscillation  daiqping  e:Q:onent  vhen  cyclic  pitch 
proportional  to  fuselage  pitch  angle  and  differential  collective  pitch 
proportional  to  fuselage  pitching  velocity  are  applied  indicated  that 
stability  mlj^t  he  obtained  using  these  tvo  control  inputs.  From  Figure  9 
it  may  be  seen  that  the  optimum  value  for  is  approximately  3.0  for  the 

.1^ 

rantsB  of  variables  considered.  It  vas  therefore  assumed  that  the  autopilot 
applied  differential  collective  pitch  proportional  to  pitching  rate  which 
would  produce  this  value. 

A translat'c-nc.!  velocity  s'eaponse  to  a sudden  1.0  degree  cyclic  pitch 
application  was  then  calculated  for  two  values  of  pitch  attitude  iaputj  one  for 
which  the  inclination  of  the  swash  plate  ves  95^  of  the  fuselage  tilt 
relative  to  the  horizon  (K  » •95).  ejad  one  for  which  the  swash  plate  inclination 
xms  9C^  of  the  fuselage  tilt  relative  to  the  horizon  (X  « .90). 

These  two  responses  are  compared  to  the  response  of  the  pure  hslicopter 

(K  “ 1.0)  in  Figure  10.  'Ihe  tranaiational  velocity  response  vac  col.cvilated 
rather  than  the  attitude  response  becauise,  as  the  helicopter  is  etabiilzed, 
it  la  ia^ortsnt  that  there  be  no  reduction  in  the  pilot's  ability  to  maneuver 
the  machine  I Soth  autopilot  inputs  increase  the  initis-l  response  wi  thout 

reducing  the  trim  veiocity,  suid  the  response  for  the  9^^  cyclic  input  xaay  be 


c.'oasio.'sr?'''),  ex+rraely  Jx’  s.ll  retfX'S'jia . 

AD  tiitJ  iii'OO'SSS  'w'A  vi'ii'.  tiOOVAr  IXjY-Ati  t A^fiViiCiD.  & OOUpAlUg  fiC  tlOX  Of 


co.nsiderJ5ible  ssgnd ir?.de  ws.c  discovered  "botvesn  loiigitudinal  and  directional 
modjsz  of  ttiotion.  As  previously  jsentioned,,  when  the  helicopter  oBCillates  in 


pitch,  the  rotors  prodiice  a differential  thrust  djaciplng  mcsoent  due  to  the  local 
vertical  velocities  at  each  rotor,  "i^se  differential  thrusts  produce 
diffearential  torques  on  the  rotor  shafts  because  of  the  changes  in  induced 
power  for  each  rotor.  Since  the  rotors  turn  in  opposite  directions,  the 
torques  are  additive  and  are  of  sufficient  inagal.tu(ie  to  produce  yav  angles 
congjarable  to  the  pitch  angles. 

The  power  required  to  hover  out  of  ground  effect  was  calcvuLated  using  a 
method  outlined  in  Reference  3 Is  plotted  in  Figure  11.  This  curve  was 
used  to  deterBiiie  the  motor  else  required  for  the  model. 


sud  PT3c*drc“e 

v*  . >cc«>i-v'»  - .rr-,Trj*c.  •*..•• 


T'b?'  period  of  csoille-iioii,-  oscillaticn  dsfiping  exponent,  snd  pitching 
and  trc.isl;4tioiiaI  r©s;por»s&  to  & sudden  control  difi'i.ivrhoace  vi.ll  he  obtelDad 


for  a of  rotor  cpeed^J  and  lifted  veightc  '<d'c.hla  tbs  perfortsaosoe 

limit atlone  of  the  model. 


Ejsperieuco  vith  a previous  ssodel  (Reference  1)  has  ebovn  that,  In 
obtaining  repeatable  data  of  the  above  type.  It  la  necessary  that  each  run  be 
started  from  an  absolute  dead  hovering  condition  and  that  translational 
friction  and  pitching  friction  be  very  oonsistant  in  nature  and  an  absolute 
minicMm  in  magnitude.  Therefore,  in  order  to  reduce  friction  to  the  required 
minimm,  the  trailing  control  and  power  cables  described  in  Reference  1 will 
not  be  used  here.  Rotor  speed  and  fuselage  pitching  ajigls  signals  will  be 
transm.ltteA  on  the  third  rail  power  supply  system,  and  the  translati.cnal.  action 
data  will  be  obtained  with  contact  switches  appropriately  located  along  the 
track  as  was  done  in  Reference  1.  The  collective  pitch  will  be  ground  adJ^lst- 
able  and  tiarost  control  will  be  obtained  by  regulation  of  rotor  speed  through 
the  motor  generator  power  source.  Cyclic  pitch  input  is  of  the  escapement 
type  (see  Section  5)^  the  amplitude  is  also  asaasured  with  the  rotor 
inoperative.  In  cases  where  a sinusoidal  cyclic  pitch  input  is  required,  the 
period  of  the  input  can  be  obtained  knowing  ta«  rotor  spaed  and  the  cyclic 
pitch  drive  gear  ratio. 


Flight  p.rocedure  will,  be  an  fcllowe;  The  co-Uective  pitch  will  le  set  at 
the  value  req\ilred  for  hovering  flight  at  the  test  rotor  speed.  The  model  will 
then  be  placed  on  a take-off  stand  which  will  support  it  at  the  test  attitude 
and  will  swing  out  of  the  way  after  take-off.  (ihe  contact  points  between 


the  model  end  the  stand  will  be  designed  so  that  at  the  moiasnt  the  model  rises 
froaa  the  otund  tha  c:vrclic  pitch  Input,  is  appli*\l).  flext  ths  rotor  will  'be 


1 


rcugri'^ 


to  spsed  so  tfes'-t 


.4  the 


cyclic  pitch  disti:ij'bc.iicir‘  i-ii  introdixcefL  'Uh^?  u'.odeh  vrLll  he  jidJ-oved  uo  riy  irc-ei. 
cab.il  t-ha  required  data  hs-eri  ostalned  or  a d«r»gero^B  atcitude  has  teea 
reached.  The  vi-il.  he  terfainated  >>:v  cuttirsti  the  power  .and  aliov'j.ng  the 

araoisl  to  settle  on  its  supporting  carriage.  Jtodei  rtotiot-  stops  wJ.li  be 
provided  as  a precaution  against  excessive  model  attitudes.  &rxd  aXl  recorded 
data  viil  be  obtained  with  an  oscillograph. 

The  theoretical  analysis  of  section  6 indicates  that,  depending  on  the 
value  of  Zia  , either  a divergent  or  a convergent  oscillation  jaay  be 


2. 

Obtained,  In  the  event  that  the  motion  is  divergent  no  cyclic  input  will  be 
necessary  at  take-off,  since  the  motion  will  build  up  from  any  infinitely 
wwalII  disturbance.  If  the  motion  is  convergent  a sinusoidei  cor  rol  input  will 
be  applied  as  discussed  above,  and  the  period  and  dangling  will,  be  obtained  with 
frequency  response  techniques. 

Since  is  such  an  iagjortant  parameter,  this  term  will  also  be 


determined  independently.  The  translational  motion  of  the  model  viil  be 
restrained  and  each  rotor  thrust  time  history  viil  be  measured  while  the  model 
is  forced  to  oscillate  atrausoldally  in  pitch. 

At  the  coa^letloa  of  the  above  tests,  the  model  control  system  will  be 
modified  to  simulate  the  full  scale  system  i.e.,  differential  collective  pitch 
will  be  added,  and  the  control  response  test  repeated.  This  model  data  will 
then  be  available  for  comparison  pxiiposes  when  full  scale  hovering  stability 


and  control  data  becomes  available  on  an  HUP  helicopter. 


uiairy?  r.€r£s?.r*E.s 


A t-.'in.ders  roT-oi'  helicopter  Bsodel  haa  bsen  dealgnad  to  investigate 
e-xperiii^efitaliy  the  ico^lt'ad.'.nal  hovering  5tR.hi.Ilty  c.od  con.trol  chpracteristice 
of  this  helicopter  ccufigoxation.  The  paramsters  of  the  r.odel  have  bee-U  chosen 
so  that  direct  dynaitiic  staiuiation  «of  the  Pieseckl  KU?  helicopter  should  he 


obtained . 

The  sisarJation  theory  requires  an  extremely  light  blade  design.  Therefore, 
a test  section  of  the  aodel  blade  has  been  actually  constructed  to  prove  the 
feasibility  of  a typical  design. 

'Jlie  resxilts  of  a theoretical  dynamic  analysis  have  been  presented  to  gain 
scue  insist  into  the  handling  qualities  of  the  model.  This  information  has 
been  used  to  determine  an  adeq\«ite  test  and  instrumentation  procedure  for  the 
mcdsl  and  tc  inTsstigato  siesns  for  i:^?rcving  the  hovering  qualities  of  this 
type  of  helicopter. 

The  analysis  indicates  that  excellent  longitudinal  hovering 
characteristics  may  be  obtained  by  introducing  differential  collective  pitch 
proportional  to  pitching  rate  and  cyclic  pitch  proportional  to  pitch  angle. 

'She  analysis  also  indicates  that  for  the  p\ire  helicopter,  differential  induced 
torque  effects  produce  considerable  coupling  between  the  longitudinal  and 
directional  modes  of  motion. 


•t 
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Table  3csj.g  FRctors  for 

A »»  Liiiesx  o:Ls?.ea0iOK  of  ac^s,!*  : 
Corresponding  diaensioti  or  mc&s 


SiflSuXeticn 


heiicopt'Jir 


Yexm&t'sx 

Linear  dimensions 

Area 

Volume,  Mass,  Force 
Moments 

Mass  moments  of  inertia 
Linear  velocity,  tiiae 
accelt‘i  &tlon 
Angular  velocity 
Angular  acceleration 
Pover 


P&ctor 


A 


^4T 


\ “ 

A 


t 


A 


Other  parameters  may  "be  derived  based  on  the  above  expressions. 


For  exficjplc,  naodiilns  of  elasticity  is  usually  defined  In  pounds /inch‘d. 


A 


if?  therefore  the  scale  factor  for  modulus  of  elasticity. 


Tftbie  VI,  V'Tototw?  ( A > 

T ^ ^ ! 

Proto  tyg’ft* 

Gro;i£.  f Ib^ . 

5700 

C;-:  ^ c.; 

Ko.  of  l&x«4af: 

3 

El&dft  Tcdiu«.  ft. 

17.58 

Bl&dfi  ciiord  (constaiit),  in. 

13 

& 

Rotor  aa^ttlar  velocity,  rad. /see. 

30.6 

73-8 

Blade  airfoil  section  (H.A.C.A.) 

63ca5 

0012^ 

Blade  tvlst,  radians 

tsnknown 

w~ 

Slope  of  lift  curve,  a 

5.75 

5.75 

R.N.  at  3 A X'adius 

2.8x10^ 

i.95x1c5 

Sparvise  flapping  bdnge  offset,  in. 

2 

.3^1 

Cbordviae  offs£.v,  ii^« 

1 JTvi . 

r .A.  f Nr'  (A  w W « 

Spanvise  position  of  drag  hinge.  In. 

15 

Blade  flapping  JEOjaeat  of  inertia,  slug  ft. 

163. 91^ 

.0239^ 

Blade  static  m^nent,  slug  ft. 

15.06 

.0128 

S) 

Pitching  fficmeat  of  inertia,  slug  ft." 

iCTlJi- 

i.55 

Distance  betveen  rotors,  in. 

263 

Distance  from  c.g,  to  fwd.  rotc-r,  i«. 

131.5 

22. h 

Height  of  fvd.  rotor  a'i?ove  c.g,.  la. 

6^ . j. 

10.9k 

Height  of  rear  rotor  atove  c.g.,  in. 

93*1 

15.9 

Power,  hp. 

550 

1.15 

1.  ^he  prototype  vas  a Pioseckl  EDP-P  vlt-h 

2.  See  Section  k for  discassion  of  ch<in,ie 

3.  For  this  study  the  effects  of  hlace  twl 
For  the  hovering  flight  range  the  drjig 

5,  A design  bl.%de  running  vsighr.  of  ,00’fa.? 
value . 

p»t&l  blades. 

Ic  bl&ds  section , 
gt  -;?ere  assumed  to  he  negligible, 
hinges  vere  not  considered  necessary. 
Ti>a,/ln.  VBS  determined  from  this 

a' 

Ts.b-le 


'iodel  Vel.jrit;  fsuaviC'^.' 


Motaents,  Hcriscntal  Dir«c^iaaj  (z 


al  distance  fi’CSB.  acunt-iug  point*! 


Wt . (ibs . } 

t.  ( in . ) 

-n-1-  IjSi 

Ws 

Fwd,  Rotor  head 

1.5 

10.8 

16.2 

Fvd.  Rotor  blades 

1.1 

10.8 

11.9 

Rear  Rotor  head 

1.5 

14.,  05 

21.1 

Rear  Rotor  blades 

1.1 

14.05 

15»'5 

Fvd.  Trans. 

2.5 

-2.2 

“5*5 

Real*  Trans. 

2o 

•■2 .2 

“5.5 

Motor 

h.Ol 

•<s 

-1 

-14.4 

Other 

-2.91 

253  0 


Moments,  Vertical.  Direction;  ( JC  = horizontal  distance  frCHU  nountiug  point) 


Wt.  (lbs.) 

X (in.) 

Fwd.  Rotor  head 

1.5 

22.4 

33.6 

Fwd.  Rotor  blades 

1.1 

22.4 

24.6 

Rear  Rotor  head 

1.5 

-22.4 

“33.6 

Rear  Rotor  blades 

1.1 

-22.4 

-24.6 

Fvd.  Trans. 

2,5 

21.8 

54.5 

Reiir  Trans, 

2.5 

-21.8 

-54.5 

Motor 

4.81 

-0.5 

-2.4 

Other 

2«.5 

+0.18 

2.4 

0 

OP, 
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COMPLETED  HUP  MODEL  HELICOPTER  TEST  BLADE  AND  BLADE  Bt.ANK 


Fig.  9 Effect  of  -ir  -’i  K on  Fuoelaga  Osoiliatioa, 

MKr-tnE'  3Sxpcnerit. 
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^ /^r£T£?  ^ jLAS. 

Fig.  11  Model  Power  Required  vs.  Lifted  Welgiht  at  Various 

Rotor  Speeds. 
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